In tro d u c tio n . B ased on the energy approach developed in [1] [2] [3] [4] , w e propose a m ethod for the determ ination o f the residual service life o f structural elem ents w ith cracks under block loading by bilateral tension-com pression. The proposed m ethod is applied to the evaluation o f the residual service life o f a pipe w ith surface crack subjected to longitudinal bilateral tension-com pression caused by the processes o f heating and cooling o f the pipe, its squeezing by the soil, and the action o f internal pressure form ed in the process o f oil pum ping. The tw o-frequency variations o f pressure in the pipe are explained by the turbulence o f the oil flow (high frequency), closing and opening o f the gate valves, and shutdowns o f the pum ps (low frequency).
M o d el of L o a d in g of a P ipe. The oil pressure in the m ain pipelines can be quite high to guarantee their high throughput capacity. The deviations o f working pressure caused by the startups and shutdowns o f the pum p stations can be as large as 2 -3 M Pa [5] . In case o f successive pum ping o f different types o f oil, these deviations do not exceed 1 M Pa, the deviations caused by the startups and shutdowns o f separate aggregates vary w ithin the range 0 .5-1.0 M Pa, and the deviations caused by the pollution o f the pipeline and form ation o f air blocks, as a rule, do not exceed 0.5 MPa.
D ue to the oil flow turbulence, a disbalance o f the pum ps, and the flow frequency oscillations, the pressure in the pipeline deviates from its m ean value by 0.2-0.3 M Pa [6 ] . The design-basis pressure for the reinforcem ent o f pipelines at the interm ediate pum p stations is usually set equal to 4 M Pa because a pressure close to this level is form ed after the shutdow n o f this station.
The restriction im posed on the input pressure o f the station, i.e., 2.1 M Pa, is connected w ith the action o f a regulating valve o f the protective system o f the oil m ain. The rate o f pressure increase depends on the response tim e o f the pum p rotor. Thus, the steepness o f the shock w ave decreases as the indicated response tim e increases. In the course o f closing o f a gate valve, the level o f pressure specified by the flow interruption rate rapidly increases. The pressure w ave propagates w ith the sound speed tow ard the previous pum p station, reflects from it, and, thus, leads to the form ation o f a w ave o f low er pressure. The am plitude of the pressure w aves form ed in the process of closing of gate valves can be as high as 4.44 M Pa [5] . Thus, pressure variation in the pipes o f oil m ains is, in fact, tw o-frequency and can be sim ulated by block loading.
The experim ental graphic dependence o f pressure variations in a pipe in the process o f repum ping o f oil [5] is qualitatively sim ilar to the m odel diagram.
As a result o f the increase in the diam eters o f oil m ains, pressure, and tem perature o f oil products, the levels o f stresses form ed in the w alls o f the pipes becom e m uch higher, especially in the longitudinal direction. The changes in the properties o f soil along the route o f the pipeline result in different conditions o f its squeezing. This m ay lead to the form ation o f significant longitudinal stresses Q betw een fixed points o f the pipeline. These stresses depend on tem perature and pressure and can be found by using the follow ing form ula [7] We consider a pipe containing a surface sem ielliptic crack (Fig. 1) . 
where, according to the data o f the in -s itu observations [5] , the m easured quantities a 1, b 1, and « 1, have the follow ing values: a 1 = 1 M Pa, b 1 = 0.2 MPa, and « 1 = 0.6 Hz. The oscillations o f pressure caused by the delays in the process o f oil pum ping due to the shutdow ns o f pum ps, closing o f gate valves, etc. are also described by a m ajorant sinusoidal cyclic curve o f the form
w here a 2 = 3.5 M Pa, b 2 = 1 M Pa, and m 2 =1.3 M H z [6 ] . H ence, pressure variations in the pipeline p ( t ) are described by the superposition o f relations ( 1) and (2 ). Since ®i is m uch low er than m 2 , the period o f subcritical grow th o f the sem ielliptic crack is determ ined by the num ber o f cycles N 2 = t/1 2 of low -frequency oscillations.
C o m p u ta tio n a l M odel o f F atig u e C ra c k P ro p a g a tio n . To determ ine the residual service life o f the pipeline (the tim e to its depressurization), w e propose com putational m odels o f the developm ent o f defects and determ ine the tim e o f their penetration through the w all (Fig. 1) .
A ssum e that the process o f crack propagation is continuous. By analogy w ith [2 ] , w e write the equation o f energy balance o f the body at any tim e t in the form A = W + r , w here A is the w ork o f external forces, W is the energy of deform ation o f the body, W = W e + Wp(1)(S ) + Wp2) ( t ) ~w P3>( t ), W e is the elastic com ponent o f W , Wp (1) Since the thickness o f the w all o f the oil m ain h i = r 2 -r is m uch sm aller than the radius o f the pipe r , for the sake o f simplicity, w e assum e that the crack propagates in an infinite plate under the action o f the static stresses Q and variable loading p .
The quantities y , y s , and W^ are determ ined as follows [2, 3] : B y using the H uber-M ises condition o f plasticity, w e determ ine the quantity o o f as follows [3] : _________________
w here o s and o p are, respectively, the ultim ate and yield strengths o f the m aterial. To sim plify the solution o f the problem , w e assum e that the quantity ^ max -^ mm is identical in the course o f increase and decrease in the load, w hich is used to com pute the num ber o f cycles to failure. Thus, by using the results obtained in [2, 3] , w e find 
Further, w e substitute relations (9) in (8) and then, together w ith (5), in (4). This yields
Thus, w e have deduced the differential equation (10) for the evaluation of subcritical crack grow th in the case w here the pipe is depressurized. This equation describes only the kinetics o f fatigue crack propagation. To com plete the m athem atical m odel, w e supplem ent it w ith the follow ing initial and final conditions [2, 3] :
w here S o is the area o f the initial crack. For sm all surface elliptic cracks [3] , the ratio o f the sem iaxes a o and bo o f the ellipse takes the follow ing approxim ate value: x = b 0 / a 0 ~0.7 and, hence, N 2 = 0 and a = 1.2a0 , w here 2 a 0 is the length o f the crack on the surface o f the pipe wall. Thus, the m athem atical m odel used to predict the operation period prior to the depressurization o f a pipe o f oil m ain includes relations ( 10)-(12). The m aterial constants a , i , K f c , and a o f are determ ined experim entally [2, 3] .
P ip e R esid u al Life A ssessm ent. Integrating the differential equation of grow th o f a fatigue crack ( 10) w ith initial ( 11) and final ( 12) conditions, w e get 
In the absence o f longitudinal tension-com pression o f the pipe, i.e., for a = 0, w e find 
Relations (14)- (16) are used to construct the dependences o f the residual service life N g on the size o f the initial defect a 0 on the inner surface o f the oil pipeline (Fig. 2) .
In the case w here the longitudinal tension-com pression o f the pipe and hydraulic oscillations o f the pressure o f oil are neglected, the residual service life o f the pipe specified by relation (16) is too long to be regarded as realistic. C onclusions. From the analysis o f graphic dependences (see Fig. 3 -5 ) it is possible to draw the follow ing conclusions:
(i) the decrease o f a num ber o f the bolts closing-opening increases the pipe lifetim e;
(ii) presence o f turbulence o f the oil flow in the pipe decreases its lifetim e, w hich requires best synchronization o f pum ps' operation; (iii) the decrease o f p ip e's squeezing by the soil results in the increase o f the pipe lifetime.
